Purpose: The transition into college is a life-change event where academic success can be influenced by health.
Introduction


Health and well-being are critical components to effective learning and cognitive function within the college student population (Ansari & Stock, 2010) . Kuh, Kinzie, Buckley, Bridges, and Hayek (2006) proposed a model of college student academic success with college outcomes being explained by the sum of precollege and the college experiences. The college experience in this model is comprised of student behaviors and institutional characteristics. However, health-related factors are often not considered or are overlooked by educational institutions when monitoring and evaluating student success (Economos, 2008) , thus suggesting a gap in explaining academic outcomes. Moreover, universities often do not have adequate resources to meet the health needs of all students. Therefore, targeting of health education and promotion programming is warranted to result in the greatest impact on academic performance.
The impact of health on academic performance is a clustered interaction and interplays between multiple factors where targeting one health behavior in a silo may be insufficient to result in significant changes to either that behavior or academic performance (Grizzell & McNeil, 2007; Upright, Esslinger, & Hays, 2014) . DeBeard, Spielmans, and Julka (2004) developed an integrative model that included health behaviors in tandem with measures of academic preparedness. This model was able to explain more than half of the variance in first semester GPA. Universities often place the majority of the health promotion emphasis within the first and second year, negating students at advanced years (Allen & Robbins, 2007) . Currently, there is a dearth in the literature that explains the impact of health on academic performance across academic year given that the majority of the literature about academic performance and health focused on freshman students.
Describing the prevalence of student health impediments in relation to academic performance as a whole and across academic year shows promise in improving targeted college health programming and solidifying the relationship of health to academic outcomes. Negating differences in health impediments to academic performance (HIAP) could reduce the equity of health programming and academic success across the entire college experience. This inquiry aims to improve understanding of the relationship between undergraduate student health and academic performance by assessing the prevalence of self-reported perceived impact of health on academic performance by academic year.
The purpose of the current investigation was to explore the prevalence of health impediments to academic performance (HIAP) and their statistical differences across academic year for undergraduate, full-time, domestic college students using National College Health Assessment II (NCHA-II) data. This inquiry had 2 research aims. The first aim was to rank the 30 HIAPs included in NCHA-II data by highest overall prevalence. The second aim was to employ a population proportion multiple comparison technique on the top 10 ranked HIAPs to assess statistically significant differences in proportions across academic year with a report of Odds Ratios for the HIAPs with the largest difference in proportion by academic year.
Methodology
The study sample was derived from the National College Health Assessment II (NCHA-II) data made available by the American College Health Association (ACHA) which included Fall cohorts from 2008 -2013 (ACHA, 2016 . Data were merged and managed in a columns-wise format using a sequence identifier variables across all cohorts performed using SPSS version 22 (IBM, Chicago, IL, 2013) . The total number of subjects prior to applying inclusion criteria was n = 179,961. Inclusion criteria were applied as follows: (a) Undergraduate, degree-seeking students (exclude graduate, non-degree, other, and missing), (b) Full-time enrollment (exclude part-time, other, and missing), (c) Domestic students (excluded international students), (d) Domestic institutions (excluded institutions outside of the United States), and (e) Exclude GPA that was either not reported or system missing. The final sample size following inclusion and exclusion criteria was n = 120,434.
For this analysis, 30 Health Impediments to Academic Performance (HIAP) were included derived from question 45A-D of the NCHA-II instrument. Note that the survey instrument is not available for public use. However, question structure can be seen via the section C in the 2013 NCHA Executive Summary (ACHA, 2017). The HIAPs were originally measured using a 1 through 6 Likert scale as follows: 1-Not Applicable, 2-Experienced but no Academic Impact, 3-Received Lower Grade on Projects/Assignments, 4-Lower Grade in Class, 5-Unable to Complete, Failed, or Dropped Class, and 6-Significant Disruption to Academic Program, see Table 2 . For analysis, the HIAP measures were dichotomized based on either the lack of an effect on student academics (1-Not Applicable, 2-Experienced but no Academic Impact) or the presence of effect on student academics (3-Received Lower Grade on Projects/Assignments, 4-Lower Grade in Class, 5-Unable to Complete or Dropped Class, and 6-Significant Disruption to Academic Program). Only the top 10 HIAPs proportions ASSESSING THE IMPACT OF UNDERGRADUATE COLLEGE STUDENT HEALTH 410 were compared across academic year.
Statistical Analysis
The proportion of the total student sample reporting academic impediment for each HIAP was ranked from largest to lowest proportion influenced, see Table 1 . The top 10 HIAP ranked by proportion to assess the proportion of students reporting academic impact for each health factor by academic year, see Figure 1 . Separate Chi-Square Tests of Independence (χ²) were used to identify dependence between the proportion reporting academic influences compared to the proportion not reporting academic influence for each of the top 10 HIAPs.
For HIAPs with statistically significant χ²-tests, a proportion multiple comparison technique was employed to assess statistical difference for each HIAP across academic year. To compare the proportions for a HIAP by academic year and to determine the presence of statistically significant differences between any possible pairwise proportion comparisons, the Marascuilo (1966) multiple proportion comparisons test was employed. Marascuilo (1966) proposed a χ² post hoc multiple comparisons procedure for proportions. This procedure provides a control for the probability of making a Type I error, for all possible pairwise proportion comparisons. The initial step takes samples of size n i (i = 1, 2, …, k) from each of the k populations and computes the differences (p i -p j , where i ≠ j) between all k(k -1)/2 pairs of proportions where i and j are two academic years within the HIAP. The absolute values of these pairwise differences are the test statistics. The critical values from the χ² distribution and given significance level are derived using the following:
The final step is to compare each of the k(k -1)/2 test statistics to the r ij value. Test statistics for proportion pairs that exceed the critical value are statistically significant at the significance level (α). In the present study, the number of comparisons for each health factor was k = 5, representing each academic year. The results of the multiple comparisons procedure were described using an independent letter to identify which population proportions are different. Pairwise proportions with a different letter indicate a statistical difference, whereas the same letter indicates no statistical difference. Situations, when combinations of letters are present, would indicate this particular academic year was not statistically different from multiple academic years. For example for 4th year students, a code of "ab" would indicate that the 4th year was not statistically different from the 1st and 2nd year. Note however, that the transitive property is not necessarily implied (i.e. if 4th was not statistically different from 1st and 2nd, we cannot imply that the 1st is not statistically different from the 2nd). The threshold of significance was set at p ≤ 0.01 to minimize the possibility of type 1 error to be conservative in identifying statistical significance given the large sample size. Odds Ratios (OR) were calculated and reported for HIAPs with the largest difference in the odds of the cohort by academic year experiencing academic impact. This was meant to indicate the magnitude of change in likelihood of an HIAP influencing academic performance between academic years.
Results
The top 10 HIAPs were Stress, Alcohol, Anxiety, Sleep Difficulties, Cold/Flu/Sore Throat, Work Outside of School, Extracurricular Commitments, Internet Use, Concern for a Friend/Family, and Relationship ASSESSING THE IMPACT OF UNDERGRADUATE COLLEGE STUDENT HEALTH 411 Difficulties in order from highest prevalence of academic impact to lowest. See Table 1 for ranked order of HIAP and Figure 1 for the top 10 HIAPS.
Marascuilo Multiple Proportion Comparisons
All χ² tests of independence for health impediment by academic year reached statistical significance, p < 0.001. Therefore, multiple comparisons testing for proportion difference was performed on the top 10 HIAPs, see Table 2 for results of the multiple comparison procedure. One HIAP, Anxiety, was chosen to assist in the interpretation of Table 2 . For this HIAP, there was not a statistically significant difference in the proportion of students reporting anxiety as an impact to their academics between the 3rd and 4th years as well as the 4th and 5th years. There were statistically significant differences for the remainder of all other academic year pair-wise comparisons within Anxiety. For all HIAPs, there was an increase in proportion of academic impact across academic year up to the 4th year with the exception of extracurricular activities which remained static across academic year and internet use which decreased as academic year increased. More specifically, stress and alcohol use had significant increases in proportion reporting academic impact up to the 4th year. For anxiety, there a significant increase in proportion reporting academic impact up to the 3rd year while sleep, acute illness, and concern for family member only had significant increases up the 2nd year. Work however had statistically significant increases in prevalence across all academic years. Specific to the 5th year there was a statistically significant decrease from the 4th year for alcohol and extracurricular activities and non-significant decreases for acute illness, and stress. See Figure 2 for illustration of proportion reporting impediment by HIAP and academic year.
Odds Ratios
For Alcohol, the largest difference in HIAP for adjacent years was from the 1st to 2nd years. The odds of students reporting alcohol consumption as an academic impact was 1.27 times more likely in their second year compared to their first. Students were 1.68 and 1.64 times more likely to report an academic impact in the 4th year compared to their 1st year for Stress and Anxiety, respectively. The HIAP with the greatest increase in likelihood academic impedance was for Work where students were 3.10 and 3.44 times more likely to report an academic impact due to work in their 4th and 5th year, respectively, compared to their 1st year.
Comment
The purpose of the study was to explore the prevalence of self-reported student health impediments to academic performance (HIAP) and their statistical differences across academic year for undergraduate, full-time students by employing a multiple comparisons technique for proportions. This investigation had multiple novelties that built off the findings of Upright, Esslinger, and Hays (2014) who reported the top 10 HIAP using NCHA data specific to 1 university. The present investigation utilized 5 years of national NCHA-II data with a large sample size thus having robustness of the proportion estimates. Additionally, past studies have reported frequencies and executive summaries of NCHA data rather the current investigation utilized a novel approach incorporating the Marascuilo multiple comparisons technique for proportions that allowed for statistical comparisons of proportions for HIAPs across academic year.
A major finding of this investigation suggests that the impact of health on academics starts during the 1st year and becomes more profound. This finding suggests that there might be a challenge in a student's ability to cope with the challenges of college life as student proceeds through college. Balduf (2009) and Seidman (2005) ASSESSING THE IMPACT OF UNDERGRADUATE COLLEGE STUDENT HEALTH 412 support the notion that if students do not present with the skills and behaviors needed to cope with this life change and transition from high school to the beginning of and through the undergraduate experience, their academic outcomes are likely to be hindered. Specifically given that 4th and 5th year students are more likely to report work, relationships, and extracurricular activities as an impediment to academic performance compared to 1st year students, the ability to balance their academic activities with aspects of life outside of school might impair their ability to succeed academically (Gröpel & Kuhl, 2009 ). Note however, that this investigation was cross-sectional thus direct conclusions cannot be made across academic year as each year was a mutually exclusive sample. Future investigation is warranted exploring the health related coping and skill capacities of colleges to deal with the rigors of college life.
Another major finding of this investigation is that mental health related impediments are strong influencers of academic impact. The results of the current investigation highlighted a strong influence of mental health with regard to perceived academic impediment within the undergraduate student population given that 6 of the 10 (with 4 being the top) HIAPs were related directly to mental health. More specifically, 4th year students were almost 70% more likely to report stress and anxiety as an influencer of their academic performance. This finding corroborates with Keyes, Eisenberg, Perry, Dube, Kroenke and Dhingra (2012) who asserted that mental health factors influence academic outcomes. The impact of mental health and more specifically the locust of control students either present with or develop in college to control their academic performance and their health (Twenge, Zhang, & Im, 2004) can be shaped by the skills and knowledge capacities developed prior to and during this point in their lives. The development of such skills and capacities has shown promise in the K-12 age population whose impact is likely to continue into adulthood (Bradley & Greene, 2013) . Given this impact in the adolescence, further investigation is warranted in health promotion programming at the collegiate-level.
In addition to the mental health dimension of health, the current analysis also identified social health as a strong determinant of academic impediment. Junco (2012) as well as Kirschner and Karpinski (2010) highlights that increased social connectivity, its impact on academic engagement, and the amount of time and effort a student devotes to their academic experience, can drastically impact academic outcomes. It is suggested that social support and connectivity are likely determinants of academic success.
However, Read, Wood, Kahler, Maddock, and Palfai (2003) found a relationship between depression and social connectivity moderated by alcohol consumption for 1st and 2nd year college students. Related to academic performance of college students, Singleton and Wolfson (2009) found a negative relationship between alcohol consumption and academic performance. This relationship spanned all levels of pre-college academic preparation thus positing that the influence of alcohol is likely independent from the precollege academic performance. Second year college students in the present study were 27% more likely to report alcohol as impediment to their academic performance than 1st year students. The sum of the investigations finding with support from the literature suggests that alcohol consumption in the first year might be the impetus that leads to lack of retention and impaired academic performance in college.
Recommendations & Implications
The results of this investigation highlight possible areas of focus for universities to develop, implement, and evaluate health related programming to improve academic outcomes. Recommendations from both Sawatzky, Ratner, Richardson, Washburn, Sudmant, and Mirwaldt (2012) and Upright, Esslinger, and Hays (2014) reinforce the need for university policy to implement programming to identify and moderate the effect ASSESSING THE IMPACT OF UNDERGRADUATE COLLEGE STUDENT HEALTH 413 of student health problems and its impact on academic performance. The ACHA Healthy Campus 2020 agenda identified recommendations regarding student health and academic success through exploring the influence of health on academics specifically called for health administrators and services on college campuses to recognize the impact of student health to optimize academic performance and wellness of the student population (Grizzell & McNeil, 2007; Upright et al., 2014; ACHA, 2016) . This study offers perspective and guidance on when students can be targeted for intervention or promotion programming.
The authors support and suggest that health interventions and programs should be targeted to college students early in their college careers given the trend for HIAPs to increase in prevalence by academic year. Furthermore, interventions should focus on mental and social health facets of student health given the high prevalence reported in this investigation. Such programming should focus on the behavioral capacities (knowledge, skills, and attitudes) needed to cope with the transition to college life. Balduf (2009) and Seidman (2005) discuss the impact of students not presenting with the skills and behaviors needed to cope with this life change and transition from high school to the beginning of and through the undergraduate experience. Specifically the student's ability to balance their academic activities with extracurricular activities might impair their ability to succeed.
Limitations
This study utilized secondary, observational data based on a created HIAP measure dichotomized from the NCHA instrument as well as GPA measures that were cross-sectional and self-reported. A major limitation was that the HIAP values do not account for the severity of the academic impedance from the health factor beyond a binary indication of impact or no impact. Furthermore, no measure of validity or reliability was employed to assess measurement adequacy or consistency of impact on academic outcomes beyond self-reported impact. Future studies should assess validity and reliability of both the health impediment as well as academic performance to elucidate the relationship between the former and latter.
The NCHA instrument has been reported by the American College Health Association as not being representative given that participation is dependent in institutional willingness (ACHA, 2016) . Therefore the proportion estimates, although robust given the large sample size in this study, are not intended to be generalizable to the undergraduate student population in the United States. Future investigation is warranted using the population proportion estimates findings by HIAPs to better inform and target university and college health programming. 
